This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SDDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



® 



Europalsches Patentamt 
European Patent Office 
Office europ6en des brevets 



III 




@ Publication number: 0 554 138 A1 



(12) 



EUROPEAN PATENT APPLICATION 



@ 


Application number: 93400115.7 


@ Int. 01.^ B60K 17/26p F16D 41/06, 


@ 


Date of ftilng : 19.01.93 


//B60K17/16 


(§) 
® 


Priority : 25.01.92 CN 92100525 

Date of publication of application : 
04.08.93 Bulletin 93/31 


@ Inventor : Gao, Xinglong 

Suite A202, BLDG 12, Huaqiaoxincum 
ShatouJIao, Shenzhen, Guangdong Province 
(CN) 


@ 


Designated Contracting States : 
AT DE ES FR IT SE 


@ Representative : Hirsch, K/larc-Roger et ai 
Cabinet Hirsch 34 rue de Bassano 
F-75008 Paris (FR) 


@ 


Applicant : HITOP SCIENCE TECHNOLOGY { 

SHENZHEN) Co., Ltd. 

I^fl, Nancunxi 8, Hongbaolu 

Luohu District, Shenzhen (CN) 




@ 


Applicant : Gao, Xinglong 

Suite A202, BIdg. 12, Huaqiaoxincum 

ShatouJIao, Shenzhen, Guangdong (CN) 





00 
CO 



in 



CL 
Ul 



@ Multifunctionai energy-saving system for vehicles. 

@ A multifunctional energy-saving system for 
vehicles is composed of automatic clutch 
means (1) and control means (2). The automatic 
dutch means mainiy comprises a shaft (4) with 
a regular prismatic section (5), a hub (6) , a 
synchronous cage (10) with torque-transmitting 
elements (12).When the speed of the shaft is 
higher than that of the hub, torque is transmit- 
ted between them through said elements (12). 
When the speed of the shaft becomes lower 
than that of the hub, no torque is transmitted 
between them. The shaft can be engaged with 
the hub as required at any time responding to 
the control means. The energy consumption 
can be considerably reduced by means of the 
present system. When the automatic clutch 
means of symmetric structure is used in the 
system and disposed in place of the original 
differential of a vehicle, the automatic clutch 
means can further function as a differential with 
anti-slip performance. 
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BACKGROUND OF THE INVENTION 

The invention relates to a multifunctional energy- 
saving system for vehicles, which consists of auto- 
matic clutch means disposed in the drive-system of a 
vehicle and control means for selecting working 
modes of the multifunctional energy-saving system. 

In all conventional modern vehicles, the engine is 
in rigid connection with driving wheels so long as the 
clutch pedal is not pressed down and the transmls- 
sbn Is not shifted to free position. This results in so- 
called "converse-driving" when a vehicle is travelling 
in a coast mode. Here, the term "converse-driving" 
means the engine is driven by the wheels because of 
the kinetic enrgy of the vehicle. Converse driving 
wastes a large amount of kinetic energy of a vehicle 
and results in such problems as additional wear, 
shortened service life and additional fuel consump- 
tion of vehicles. Therefore, from the viewpoint of 
economy, energy-saving or development of vehicle 
industry, it Is not only necessary but also very impor- 
tant to solve the above-mentioned problems arising 
from converse-driving. 

The existing solution for converse-driving prob- 
lems is to reasonably let a vehicle travel in a coast 
mode by shifting the transmission of the vehicle to 
free position. Such a solution has, however, not been 
used extensively or as It should be used, because rea- 
sonable coasting of vehicles is limited by quite a few 
factors and the effect is not satisfactory. Moreover, it 
is a tax upon the drivers' mind and thereby affects 
driving safty. 

On the other hand, conventional differentials of 
planetary gear type extensively used in modern vehi- 
cles can not prevent the wheels from slipping while on 
a slippery ground, and the passing ability of a driving 
wheel equipped with such a differential can consider- 
ably decrease and even drop to zero so that the ve- 
hicle can not move forward or backward. In order to 
overcome the drawback of the planetary gear differ- 
ential, an existing solution is to provide with a differ- 
ential lock. But such a differential can not very well 
perform anti-slip and differential functions simultane- 
ously. Moreover, the shift between its anti-slip func- 
tion and its differential function can be made only 
when the vehicle is stopped. It is not convenient and 
will increase power loss. Although toothed firee-wheel 
differentials and high-friction differentials of block- 
and-cam type can prevent from slipping fairly well, 
they have not been extensively used so far because 
of their complicated structure and high cost. Prob- 
lems a rising from converse-driving exist in all vehi- 
cles equipped with conventional differentials and 
such a vehicle does not have the function that when- 
ever the vehicle is travelling in a coast mode , the en- 
gine can be automatically disengaged with the driving 
wheels and coasting of the vehicle can be effected 
automatically. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a multifunctional energy-saving system for vehicles to 
5 overcome problems arising from converse-driving. 

It is another object of the present invention to pro- 
vide a multifunctional energy-saving system for vehi- 
cles, in which an automatic clutch unit with both dif- 
ferential and slip- preventing performances is dis- 
10 posed in place of the original differential of a vehicle, 
and which will also function to slove problems arising 
from converse-driving. 

According to the first aspect of the present inven- 
tion, a multifunctional energy-saving system for vehi- 
15 cles consists of atomatic cluch means and control 
means. 

The automalic clutch means can be disposed in 
any suitable position in a drive-system of any avail- 
able vehicle or newly-designed vehicle. The automat- 
20 ic clutch means comprises: 
a drive member; 
a driven member; 

a shaft rigidly connected to or integrally formed 
with the drive member and having a substantially reg- 

25 ular prismatic section concentric therewith; 

a hub connected to or integrally formed with 
the driven member and mounted concentrically on 
said shaft by means of bearings, said regular prismat- 
ic section being positioned within the hub; 

30 a synchronous cage rotatably supported at its 

axial ends on the shaft between the inner surface of 
the hub and said regular prismatic section, and having 
openings evenly distributed in the circumference of 
the synchronous cage, the number of said openings 

35 being the same as that of the side surfaces of said 
regular prismatic section; 

a torque-b^nsmitting element provided in each 
said opening with a clearance therebetween, and 
moveable on respective skle surface of said regular 

40 prismatic section between a first position near one 
end of respective arched space defined between the 
inner surfece of the hub and the side surface of said 
regular prismatic section and a second position near 
the other end of said arched space, each torque- 

45 transmitting element being dimensioned so that when 
it is in the middle position between said first position 
and said second position, the hub is in disengage- 
ment with the shaft and therefore no torque is trans- 
mitted between sakl shaft and said hub through the 

so torque-transmitting element and when it is in said first 
position or said second position, the hub is in engage- 
ment with t he shaft and torque is transmitted between 
the shaft and the hub through the torque-transmitting 
element; 

55 means for holding each torque-transmitting 

element in said middle position when the drive mem- 
ber rotates at a speed lower than Its Idle speed cor- 
responding to the idle speed of engine or does not ro- 
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tate, each said torque-transmitting eiement entering 
said first position due to inertia iag behind the shaft 
when the drive member starts to rotate in a positive 
direction (corresponding to' the forward direction of 
the vehicle); 

means for restricting each torque-transmitting 
eiement in said middle position when t he speed of the 
drive member becomes lower than that of the driven 
member only in said positive direction; and 

means for enforcing the synchronous cage to 
rotate along with the hub for a while , causing each 
torque- transmitting element to move from said middle 
position to one of said first position and said second 
position. 

The control means for selecting working modes 
of the multifunctional energy-saving system for vehi- 
cles can control the operation of said enforcing means 
as required at any time. 

In particular embodiments of the multifunctional 
energy-saving system for vehicles according to the 
present invenction, the above-mentioned various 
means of the system can have different forms or 
structures. 

Said holding means may comprise a magnet in 
the middle of each side surface of said regular pris- 
matic section of the shaft or comprise two elastic 
loops respectively winding round both axial ends of 
said torque-transmitting elements. Alternatively, said 
holding means may also comprise extension springs 
connected between the synchronous cage and the 
regular prismatic section of the shaft, and dovetail 
slide means between each said torque-transmitting 
eiement and the regular prismatic section. 

In one embodiment, said restricting means conrv 
prises: 

at least two grooves evenly distributed In the 
circumference of the synchronous cage; 

recesses each formed in said shaft, and each 
of said recesses associated with one said groove and 
having a radial wall; 

an opening formed in the bottom of each said 
groove and communicating with one of said recesses; 

a magnet mounted in the bottom of each said 
groove ; and 

a rocking lever pivotaily mounted in each said 
groove and having a spring which is fixed at one end 
on the rocking lever and extends through said open- 
ing, the rocking lever being arranged so that when 
said shaft rotates at a speed lower than a predeter- 
mined value or does not rotate, the rocking lever is 
held on the bottom of said groove by means of said 
magnet, causing said spring to be situated outside 
said recess in said shaft and when the speed of said 
shaft reaches said predetermined value, the rocking 
lever pivots against the attractive force of said magnet 
due to the centrifugal force, causing said spring to en- 
ter said recess, 

the stiffness of said spring ensuring that the 



spring can abut against said radial wall of said recess 
so as to restrict the torque-transmitting element right 
in said middle position during the movement of the 
torque-transmitting elementfrom said first position to- 

5 wards said second position whenever the speed of 
said shaft becomes lower than that of the hub, and 
that when said enforcing means forces the synchron- 
ous cage to rotate along with the hub, the spring can 
be bent by saki radial wall so as to enable the torque- 

10 transmitting element to move from said middle posi- 
tion to the second position. 

In another embodiment, said restricting means 
comprises: 

at least two grooves evenly distributed in the 
15 circumference of said shaft; 

a magnet provided in the bottom of each saki 
groove; 

stop means provided on the inner surface of 
the synchronous cage; 

20 a rocking lever means pivotaily mounted in 

each saki groove and having a sleeve, a member ax- 
ially sliding within said sleeve and a spring biasing 
said sliding member to an extended position, each 
said rocking lever means being arranged so that 

25 when said shaft rotates at a speed lower than a pre- 
determined value or does not rotate, the rocking lever 
means is held on the bottom of said groove by means 
of said magnet and the sliding member in said extend- 
ed position does not impede or interfere in the relative 

30 rotation of the synchronous cage with respect to the 
shaft, and when the speed of said shaft reaches saki 
predetermined value, the rocking lever means pivots 
due to the centrifugal force so that the sliding member 
in said extended position comes Into contact with the 

35 inner surface of the synchronous cage, 

the stiffness of said spring ensuring that the 
sliding member remains in said extended position and 
can abut against said stop means provided on the in- 
ner surface of the synchronous cage so as to restrict 

40 the torque-transmitting element right in said middle 
position during the movement of said torque-transmit- 
ting elementfrom said first position towards said sec- 
ond position whenever the speed of said shaft be- 
comes lower than that of the hub, and that the sliding 

45 member can be pressed back into said sleeve by said 
stop means so as to enable the torque-trasmitting ele- 
ment to move from said middle position to said second 
position when said enforcing means forces the syn- 
chronous cage to rotate along with the hub. 

50 In a further embodiment, said restricting means 

comprises: 

at least two holes in the shaft, the axes of the 
holes lying in a plane perpendicular to the axis of the 
shaft; 

55 a magnet mounted in the bottom of each sakj 

holes in the shaft; 

stop means provided on the Inner surface of 
the synchronous cage; 
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a pin axiaily moveable in each said hole , the 
outer end of each said pin being of truncated cone 
shape, each said pin being arranged so that when the 
shaft rotates at a speed lower than a predetermined 
value or does not rotate, the pin is held on the bottom 
of said hole by means of said magnet without inter- 
fering in the relative rotation of the synchronous cage 
with respect to the shaft and when the speed of the 
shaft reaches said predetermined value, the pin 
comes against the attractive force of said magnet into 
contact with the inner surface of the synchronous 
cage due to the centrifugal force, 

the combination of the cone angle of the outer 
end of the pin and the direction of the holes extending 
in said plane perpendecular to the axis of the shaft 
ensuring that the outerend of the pin can abut against 
said stop means provided on the inner surface of the 
synchronous cage without being pressed bacl^ into 
the hole by said stop means so as to restrict the tor- 
que-transmitting element right in said middle position 
during the movement of the torque-transmitting ele- 
ment firom said first position towards said second pos- 
ition whenever the speed of the shaft becomes lower 
than that of the hub, and when said enforcing means 
forces the synchronous cage to rotate along with the 
hub, the pin can be pressed back into the hole by the 
said stop means against the static friction ai force be- 
tween the pin and the hole so as to enable the torque- 
transmitting element to move from said middle posi- 
tion to said second position. 

In one embodiment, said enforcing means com- 
prises: 

actuator means connected to a fixed member 
of the vehicle and controlled by said control means; 

a friction member adapted to be engaged with 
the synchronous cage; and 

a driving assembly provided on the hub for 
transmitting the power of said actuator means to said 
friction memberso t hat the friction member can be en- 
gaged with the synchronous cage. 

Said actuator means may be an electromagnet, a 
hydraulic cylinder or a preumatic cylinder. 

In a simplified embodiment, said control means 
comprises a button switch to control the operation of 
said actuator means. 

The control means may further comprise: 

a first switch for selection working modes of 
the system; and 

a time-delay circuit adapted to be turned on by 
another switch coupled with the accelerator pedal of 
the vehicle for energizing said actuator means so as 
to engage the engine with the driving wheels when 
the accelerator pedal is released; 

Alternatively, the control means may futher com- 
prise: 

switches for selecting working modes of the 
system; 

a first time-delay circuit adapted to be control- 



led by another switch coupled with the accelerator 
pedal of the vehicle for energizing said actuator 
means so as to engage the engine with the driving 
wheeis when the accelerator pedal is released; and 

5 a second time-delay circuit adapted to be con- 

trolled by said another switch coupled with the accel- 
erator pedal for turning off the ignition circuit of the 
engine when the accelerator pedal is released and for 
turning on the ignition circuit and meanwhile energiz- 

10 ing said actuator means for a while so as to engage 
the engine with the driving wheels during the delay 
period in opening of said second time-delay circuit so 
that the engine is driven and restarted by the wheels 
when the accelerator pedal is pressed down again. 

15 The operation of the system according to the first 

aspect of the present invention will now be briefly de- 
scribed. 

When the drive member does not rotate, the tor- 
que-transmitting elements are held In said middle 

20 position. When the drive member starts to rotate in a 
positive direction (corresponding to the forward direc- 
tion of the vehicle), the synchronous cage ensures 
that all the torque-transmitting elements synchro- 
nously move from the middle position to the first pos- 

25 ition due to their inertia lag behind the shaft in rota- 
tion. In this case, the torque-transmitting elements 
are self-locked between the regular prismation sec- 
tion of the shaft and the inner surface of the hub due 
to static friction and thus the shaft is in engagement 

30 with the hub through the torque-transmitting ele- 
ments so that torque is transmitted from the engine of 
the vehicle to the driving wheels via the drive-system. 
After the shaft reaches a predetermined speed and 
if the speed of the drive member becomes lower than 

35 that of the driven member, the synchronous cage to- 
gether with the torque-transmitting elements will 
move from the f irat position towards the second pos- 
ition due to their inertia. During this movennent, how- 
ever, the restricting means will restrict the torque- 

40 transmitting elements right in the middle position so 
that the shaft Is in disengagement with the hub and 
no torque is transmitted from the driving wheels of the 
vehicle to the engine. In this case, the vehicle is trav- 
elling in a coast mode by making full use of the kinetic 

45 energy of the vehicie and the problems arising from 
converse-driving are fairly well eliminated. 

When the vehicle is coasting on a si ippery ground 
or down a long steep road, there is a need to retard 
the vehicle by engaging the engine with the driving 

50 wheels for driving safty. In this case, the enforcing 
means can work for a while at any time as required 
by operating the contol means so that the torque- 
transmitting elements move from the middle position 
to the second position and the shaft can be converse- 

55 ly driven by the hub. In this manner, the braking effect 
of the vehicle can be improved for driving safty. 

On the ot her hand; when the drive member starts 
from a rest state to rotate in an inverse direction (cor- 
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responding to the backward direction of the vehicle ), 
the synchronous cage together with the torque-trans- 
mitting elements will move from the middle position to 
the second position due to their inertia lag behind the 
shaft in rotation, and thus the shaft is in engagement 
with the hub so that torque can be transmitted from 
the engine to the driving wheels and the vehicle can 
move backward. 

According to the second aspect of the present in- 
vention, a multifunctional energy-saving system is 
composed of an automatic clutch unit which is dis- 
posed in place of the original differential of a vehicle 
and control means which is similar to that of the sys- 
tem according to the first aspect of the invention. 

The automatic clutch unit is composed of two por- 
tions, which are similar to the automatic clutch means 
of the system according to the first aspect of the in- 
vention and symmetric with each other in respect to 
the intermediate cross-section of the flange, which is 
used as a common drive nnember of the two portions. 
Said flange is connected to a driven bevel gear of a 
final reduction gearing and the hubs of both portions 
of the automatic clutch unit are connected respective- 
ly to the semiaxles on both sides of the vehicle. 

When the engine drives the vehicle to travel 
along a straight road, the hubs of the automatic clutch 
unit on both sides rotate at the same speed as the 
shaft since they are in engagement with the sanne 
shaft. 

When the engine drives the vehicle to travel 
along a curve road, the hub of the automatic clutch 
unit on the inner side is in engagement with the shaft 
and rotates along with the shaft, and the hub on the 
outer side is disengaged with the shaft since it is driv- 
en by the wheel on the outerside to rotate at a higher 
speed than the shaft Furthermore, independent of 
the level of the adhenslve force of the driving wheel 
on any side, it will never occur that the wheel on one 
side slips while the wheel on the other side does not 
rotate since the hubs on both sides are supported on 
the same shaft. In this manner, the system according 
to the second aspect of the present invention can not 
only overcome the problems arising from converse- 
driving but also function as a differential with a good 
anti-slip performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more readily 
apparent from the foilowing descriptton of preferred 
embodiments t hereof shown , by way of example only, 
in the accompanying drawings, in which: 

Fig.1 is a diagrammatic view of the system ac- 
cording to the first aspect of the present inven- 
tion; 

Fig. 2 is an exploded perspective view of the main 
structure of the system according to the first as- 
pect of the present invention; 



Fig.3 Is a cross-sectional view along lines A-A of 
Fig.1; 

Flg.4 is a partial view of Fig.3. showing the differ- 
ent working positions of the torque-transmitting 
5 elements of the automatic clutch means shown in 

Flg.1; 

Fig .5 is a cross-sectional view along lines B-B of 
Fig.1, showing the structure of the means for re- 
stricting the torque-transmitting elements right in 

10 the middle position when the speed of the drive 
member becomes lower than that of the driven 
member in a positive rotational direction; 
Fig .6 is a partial cross-section view similar to 
Fig. 5, showing that the springs fixed on the rock- 

15 ing levers are abutting against the radial walls of 
the recesses in the shaft and the torque-trans- 
mitting elements are right in the middle position; 
Fig.7 shows another embodiment of the torque- 
transmitting elements; 

20 Fig.8shows anotherembodimentof thesubstan- 
tially regular prismatic section of the shaft; 
Fig.9 and Fig.10 show another embodiment of 
the means for holding each torque-transmitting 
element In the middle position when the dirve 

25 member rotates at a speed lower than its idle 
speed or does not rotate; 
Fig. 11 shows a further embodiment of the hold- 
ing means; 

Fig. 12 shows anotherembodimentof the means 
30 for restricting the torque-transmitting elements 
right in the middle position when the speed of the 
drive member becomes lower than that of the 
driven member in the positive rotational direction; 
Fig.1 3 shows a further embodiment of the re- 
35 stricting means; 

Fig. 14 shows another embodiment of the means 
for enforcing the synchronous cage to rotate 
along with the hub for a while, causing each tor- 
que-transmitting element to move from the mid- 
40 die position to the second position; 

Fig.1 5 shows a further embodiment of the enforc- 
ing means; 

Fig. 16 shows a simplified embodiment of the con- 
trol means; 

45 Ftg.l 7 shows another embodiment of the control 

means; 

Fig.1 8 shows a further embodiment of the control 
means; and 

Fig. 19 Is a diagrammatto view of the system ac- 
50 cording to the second aspect of the present in- 

vention, in whksh the automatic clutch unit is dis- 
posed in place of the original differential of the 
vehicle. 

55 DETAILED DESCRIPTION 

Referring to the drawings wherein like reference 
nunf^erals designate like or corresponding parts 
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throughout the different views, there is shown in Fig.1 
a multrfunctlonal energy-saving system according to 
the first aspect of the invention inciuding automatic 
ciutch means 1 and control means 2. 

In the automatic clutch means 1, a drive member 5 
3 is in the form of a flange which is rigidly connected 
to or integraiiy formed with a shaft 4. The shaft 4 has 
a substantiaily regular prismatic section 5 concentric 
therewith. A hub 6 is connected to or integraiiy formed 
with a driven member 7 and mounted concentricaily io 
on the shaft 4 by means of bearings 8 and 9. The reg- 
ular prismatic section 5 of the shaft 4 is positioned 
within the hub 6. Asynchronous cage 10 is rotatably 
supported at its axial ends on the shaft 4 between the 
inner surface of the hub 6 and the regular prismatic is 
section 5. Openings 11 (see Figs.2 and 3) are evenly 
distributed in the circumference of the synchronous 
cage 10 and the number of the openings 11 corre- 
sponds to that of the side surfaces of the regular pris- 
matic section 5. A torque-transmitting element 12 is 20 
provided in each said opening 11 and moveable on a 
respective side surface of the regular prismatic sec- 
tion 5 between a first position I and a second postion 
II (Fig.4). The first position I and the second position 
II are respectively near the narrow ends of the arched 25 
space defined between the Inner surface of the hub 
6 and the side surface of the regular prismatic section 
5. Each torque-transmitting element 12 is dimen- 
sioned so that when it is in the middle position III 
(Fig.4) between the first position I and the second 30 
position II, the hub 6 is In disengagement with the 
shaft 4 and therefore no torque is transmitted be- 
tween the shaft 4 and the hub 6 through the torque- 
transmitting elements 12 and when It is in the first 
position i or the second position li, the hub is in en- 35 
gagement with the shaft 4 and torque is transmitted 
between the shaft 4 and the hub 6 through the tor- 
que-transmitting elements 12. 

Means Is provided for holding each torque-trans- 
mitting element 12 in the middle position III when the 40 
shaft 4 rotates at a speed lower than its Idle speed or 
does not rotate. This holding means ensures that 
each torque-transmitting element 12 does not come 
into contact with the inner surface of the hub 6 when 
the vehicle is coasting. The holding means shown in 45 
Figs. 1 and 3 is in the form of a magnet 13 provided 
in the middle of each side surface of the regular pris- 
matic section 5. When the drive member 3 starts to 
rotate in a positive direction (corresponding to the for- 
ward direction of the vehicle) as shown by the arrow so 
14 (Fig.4), the synchronous cage 10 ensures that 
each torque-transmitting element 12 synchronously 
enters the first position I due to their inertia lag behind 
the shaft 4 in rotation. On the other hand, when the 
drive member 3 starts to rotate in an inverse direction ss 
(corresponding to the backward direction of the vehi- 
cle ), the synchronous cage 10 ensures that each tor- 
que-transmitting element 12 synchronously enters 



the second position II. 

Means is provided for restricting each torque- 
transmitting element 12 in the middle position III when 
thespeed of the drive member 3 becomes lowerthan 
that of the driven member 7 only in said positive di- 
rection. Figs. 1 ,5 and 6 show a particular embodiment 
of such restricting means. 

As shown in Fig.5, three grooves 15 are evenly 
distributed in the circumference of the synchronous 
cage 10. Three recesses 16 are formed in the shaft 
4 corresponding to the tree grooves 15. Each recess 
1 6 has a radial wall 1 7. An opening 1 B is formed in the 
bottom of each groove 15 and communicates with 
one of the recesses 16. A mag net 19 is mounted in the 
bottom of each groove 1 5. A rocking lever 20 is pivo- 
tally mounted by means of a pin 21 in each groove 1 5. 
The pin 21 is mounted in two holes 22 formed respec- 
tively in the opposite side walls of the groove 15. A 
spring 23 is fixed at one end of each rocking lever 20 
and extends through the opening 18. Each rocking 
levers 20 is arranged so that when the shaft 4 rotates 
at a speed lowerthan a predetermined value (e.g. the 
predetermined value may correspond to a vehicle 
speed of about 5-10 kilometer per hour) or does not 
rotate, the rocking lever 20 are held on the bottom of 
the groove 15 by means of the magnet 19, causing 
the spring 23 to be positioned outside the recess 16 
as shown in Fig.5, and when the speed of the shaft 
4 reaches the predetermined value, the rocking lever 
20 pivots about the pin 21 against the attractive force 
of the magnet 1 9 due to the centrifugal force, causing 
the spring 23 to enter the recess 16. The stiffness of 
the spring 23 ensures that the spring 23 can abut 
against the radial wall 17 of the recess 16 as shown 
in Ftg.6 so as to restrict the torque-transmitting ele- 
ment 12 right In the middle position Ml during the 
movement oft he torque-transmitting element 12 from 
the first position I towards the second position li due 
to inertia whenever the speed of the shaft4 becomes 
lowerthan that of the hub 6, and that when enforcing 
means, the structure of which will be described here- 
inafter, forces the synchronous cage 10 together with 
the torque-transmitting elements 12 to rotate along 
with the hub 6, the spring 23 can be bent by said ra- 
dial wall 17 so as to enable each torque-transmitting 
element 12 to move from the middle position 111 to the 
second position II. Thus, the shaft4 is engaged again 
with the hub 6 and torque is transmitted from the hub 
6 to the shaft 4 in order to retard the vehcile or Im- 
prove braking effect for driving safety. 

One embodiment of the above-mentioned en- 
forcing means is shown in Fig.1 . At least two electro- 
magnet means 24 are evenly distributed around the 
hub 6 and mounted respectively on a fixed member 
of the vehicle and controlled by control means 2. 
When the electromagnet means 24 is energized for a 
while by means of the control means 2 , a disc 25 
mounted slidably on the driven member 7 is attracted 
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by the electromagnet means 24 so that a friction disc 
26 fixed on a base disc 27 is pressed onto the end 
face of the synchronous cage 10 via three pins 28 so 
that the synchronous cage 10 rotates along with the 
hub 6 for a certain angle, causing the torque-transmit- 
ting elements 12 to move from the middle position III 
to the second position II. The pins 28 are fixed on the 
disc 25 at one end and on the base disc 27 at the 
other end. The pins 28 respecllvely extend through 
three holes 29 which are evenly distributed on the end 
face of the hub 6. When the electromagnet means 24 
is deenergized by means of the control means 2, the 
disc 25 and therefore the friction disc 26 are returned 
by means of return springs 30 each mounted on one 
of the pins 28 between the disc 25 and the end sur- 
face of the hub 6. The torque-transmitting elements 
12 will remain in the second position II until the speed 
of the drive member 3 becomes higher than that of 
the driven member 7. 

In t he embodiment of the system according to the 
first aspect of the present Invention as shown in Figs 
1-6, the torque-transmitting elements 12 are of cylin- 
drical shape, they may, however, be of other shapes. 
For example, the cross section of the torque-transmit- 
ting elements 12' as shown In Fig.7 is defined by an 
arc and a broken line so as to increase their load ca- 
pacity. 

The side surfaces of the regular prismatic section 
5 of the shaft 4 are planar, which is simple in struc- 
ture, easy to manufacture and adapted to cooperate 
with the torque-transmitting elements 12' having a 
larger load capacity as shown in Fig.7. The wedge an- 
gle for self-locking of the torque-transmitting ele- 
ments 12 in the first position I or in the second posi- 
tion II will gradually increase due to wear and tear of 
the torque-transmitting elements 12 , the side surfa- 
cesof the regular prismatic section 5 and the inner 
surface of the hub 6. The wedge angle may beconne 
too large for the torque-transmitting elements 12 to 
self-lock, causing faOure of the system. To overconne 
this problem, the substantially regular prismatic sec- 
tion 5' as shown in Fig 8 may be used, the side sur- 
faces of which are of logarithmic helicoid or circular 
arched surface. With such a section 5', the wedge an- 
gle, i.e., the angle included by the common tangent 
passing through the contact point between a torque- 
transmitting element 12 and the inner surface of the 
hub 6 and the common tangent passing through the 
contact point between the torque-transmitting ele- 
ment 12 and the side of the section 5' will remain sub- 
stantially unchanged and therefore the service life is 
prolonged. 

Figs. 9 and 10 show another embodiment of the 
means for holding each torque-transmitting element 
12 in the middle position III when the drive member 3 
rotates at a speed lower than its idle speed or does 
not rotate. In this embodiment of the holding means, 
each torque-b^nsmitting element 12" has two short 



rods 31 formed respectively at the central areas of 
both axial end faces of the torque-transmitting ele- 
ment 12". Two elastic loops 32 wind round the short 
rods 31 respectively at both axial ends of the torque- 

5 b-ansmitting elements 12" so as to hold the torque- 
transmitting elements 12" in the middle position III, 
i.e., the radially innermost position on respective side 
surfaces of the regular prismatic section 5 or 5' when 
the drive member 3 rotates at a speed lower than its 

10 idle speed or does not rotate. 

Alternatively, Fig. 11 shows a further embodiment 
of the holding means, in which a plurality of extension 
springs 33 are respectively connected between the 
regular prismatic section 5 or 5' and the synchronous 

15 cage 10 and dovetail slide means 67 between each 
said torque- transmitting element 12' and the regular 
prismatic section, which prevents the torque-trans- 
mitting element 12' from departing from the side sur- 
face of the regular prismatic section 5 during the 

20 movement of the torque-transmitting element 1 2' be- 
tween the first position I and the second position II. 

Fig. 12 shows a not her embodiment of the restrict- 
ing means. As shown in Fig. 12, two grooves 34 are 
evenly distributed in the circumference of the shaft 4 

25 or in an annular member (notshown) fixed on a shoul- 
der of the shaft 4. A magnet 35 Is mounted in the bot- 
tom of each groove 34. Stop means 36 are formed on 
the inner surface of the synchronous cage 10. Arock- 
ing lever means 37 is pivotally mounted in each 

30 groove 34 by means of a pin 38 in the same manner 
as the rocking lever 20 discribed by referring to Figs. 
1 to 5. Each rocking lever means 37 comprises a 
sleeve 39, a member 40 axialiy sliding within the 
sleeve 39 and a spring 41 biasing the sliding member 

35 40 to an extended position as shown. Each rocking 
lever means 37 is arranged so that when the shaft 4 
rotates at a speed lower than a predetermined value 
or does not rotate, the rocking lever means 37 is held 
on the bottom of the groove 34 by means of the mag- 

40 net 35 and the sliding member 40 in the extended 
position does not interfere in the relative rotation of 
the synchronous cage 10 with respect to the shaft 4, 
and when the speed of the shaft 4 reaches the pre- 
determined value, the rocking lever means 37 will piv- 

45 ot about the pin 38 due to the centrifugal force so that 
the sliding member 40 in the extended position 
comes into contact with the inner surface of the syn- 
chronous cage 10 . The stiffness of the spring 41 en- 
sures that the sikiing member 40 remains In the ex- 

50 tended position and abuts against t he stop means 36 
on the inner surface of the synchronous cage 10 so 
as to restrict the torque-transmitting element 
12,12' or 12" right in the middle positin 111 during the 
movement of the torque-transmitting element 

55 1 2,12' or 12" from the first position I towards the sec- 
ond position II whenever the speed of the shaft 4 be- 
comes lower than that of the hub 6, and that the slid- 
ing member 40 can be pressed back into the sleeve 
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39 by the stop means 36 so as to enable the torque- 
transnfiitting element 12,12' or 12" to move from the 
middle position III to the second position II when the 
enforcing means forces the synchronous cage 10 to 
rotate along with the hub 6. 5 

Alternatively, Fig.13 shows a fut her embodiment 
of the restricting means. As shown in Fig.13, two 
holes 42 are formed in the shaft 4 and the axes of 
both holes 42 lie in one piane perpendicular to the 
axis of the shaft 4. A magnet 43 is mounted in the boi- io 
torn of each hole 42. Stop means 44 are provided on 
the inner surface of the synchronous cage 10. A pin 

45 is moveably mounted in each hoie 42. The outer 
end of each pin 45 is of truncated cone shape. Each 

pin 45 is arranged so that when the speed of the shaft is 
4 is lower than a predetermined value or does not ro- 
tate, the pin 45 is held on the bottom of the hole 42 
by means of the magnet 43 without interfering in the 
relative rotation of the synchronous cage 10 with re- 
spect to the shaft 4, and when the speed of the shaft 20 
4 reaches the predetermined value, the pin 45 comes 
against the attractive force of the magnet 43 into con- 
tact with the inner surface of the synchronous cage 
1 0 due to the centrifugal force. The combination of the 
cone angle of the outer ends of the pins 45 and the 25 
direction of the holes 42 In the plane perpendicular to 
the axis of the shaft 4 ensures that the outer ends of 
the pins 45 can abut against t he stop means 44 on the 
inner surface of the synchronous cage 10 without be- 
ing pressed back into the holes 42 by the stop means 30 
44 so as to restrict the torque-transmitting elements 
1 2 right in the middle position III during the movement 
of the torque- transmitting elements 12 from the first 
position I towards the second position II wheneverthe 
speed of the shaft 4 becomes lower than that of the 35 
hub 6. and the pins 45 can be pressed back Into the 
holes 42 by the stop means 44 against the static fric- 
tional force therebetween so as to enable the torque- 
transmitting elements 12 to move from the middle 
position III to the second position II when the enforc- 40 
ing means forces the synchronous cage 10 to rotate 
along with the hub 6. 

Fig. 14 shows another embodiment of the enforc- 
ing means. As shown in Fig.14, two stems 46 each 
have at one end a friction member 47 adapted to be 45 
engaged with the synchronous cage 10. The stems 

46 respectively extend through a hole 48 in a cover 

49 fixed on the outer surface of the hub 6 and a hoie 

50 in the hub 6 for rotating along with the hub 6. The 
stems 46 are arranged so that wlien they are driven so 
by known actuator means (not shown) responding to 

the control means of the system to move in the direc- 
tion shown by arrows 51 , the friction members 47 are 
engaged with the synchronous cage 10 so that the 
latter rotates along with the hub 6 for a certain angle, 56 
causing the torque-transmitting elements 12 to move 
from the middle position III to the second position II. 
The stems 46 and therefore the friction members 47 



will return to t heir original position by means of return 
springs 52 when the actuator means no longer drives 
the stems 46. 

Fig. 1 5 shows a further embodiment of the enforc- 
ing means, which is suitable for vehicles having a 
high-power electricity supply. As shown In Fig.15, arc 
guide means 53 is rigidly connected to a fixed struc- 
tural member of the vehicle. A radial guide nieans 54 
is. balanced in the middle of the arc guide means 53 
by means of two springs 55 and adapted to slide along 
the arc guide means 53 against the forces of the 
springs 55. An electromagnet 56 is adapted to move 
within the radial guide means 54. A spring 57 normal- 
ly pulls the electromagnet 56 to a radially cuter posi- 
tion where the latter is in disengagement with the ex- 
ternal surface of the hub 6. When the electromagnet 
56 is energized responding to the control means 2 of 
the system, the electromagnet 56 comes into contact 
with the external surface of the hub 6 against the 
force of the spring 57 and moves along with the hub 
6 for a certain distance together with the radial guide 
means 54 against the forces of the springs 55 and un- 
der the guidance of the arc guide means 53 so that 
respective torque-transmitting elements 12 comes 
Into contact with the inner surface of the hub 6 under 
the attraction of electromagnet 56 and moves along 
with the electromagnet 56 from the middle position III 
to the second positton II. When the electronriagnet is 
deenergized responding to the control means 2 of the 
system, the electromagnet 56 and the radial guide 
means 54 return to their original positions respective- 
ly by means of the spring 57 and the springs 55. 

Fig. 16 shows a simplified embodiment of the 
control means 2 of the system according to the pres- 
ent invention. In the control circuit shown in Fig. 16, SO 
denotes the main switch of the vehicle; S denotes a 
button switch and Q1 denotes, if the actuator means 
of the enforcing means comprises an electromagnet, 
an exciting coll of the electromagnet or denotes, if the 
actuator means of the enforcing means comprises a 
cylinder, a solenoid valve controlling the cylinder. 

When the vehicle equipped with the system of 
the present invention is travelling, and if the speed of 
the drive member 3 of the auton^tlc clutch means be- 
comes lower than that of the driven member 7, the 
former will be automatically disengaged with the lat- 
ter and the vehicle wOl be travelling in a coast mode 
so that the object of energy-saving is attained.And 
when the vehicle Is coasting and If there is a need to 
engage the engine with the driving wheels for driving 
safty, the button switch S is pressed for a while so 
that the enforcing means forces torque-transmitting 
elements 1 2 to move from the middle position III to the 
second position II as described above. 

Fig. 17 shows another embodiment of the control 
means 2 of the system of the present invention. In the 
control circuit shown In Fig. 17, SI denotes a switch 
for selecting the working nnodes of the system, 82 de- 
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notes a normal close switch coupled with the accel- 
erator pedal, K1 denotes a time-delay relay having a 
normal open contact K1 (58) and a normal close time- 
delay contact K1 (59). 

When the switch SI is off, the control means 2 
will work In the same manner as that described by re- 
ferring to Fig. 16. When the switch SI is on and the 
accelerator pedal is pressed down, the drive member 
3 wOl be rotating at a higher speed than the driven 
member 7 so that the torque-transmitting elements 12 
move from the middle position III or the second pos- 
ition II to the first position I. In this case, the switch 
S2 coupled with the accelerator pedal is open, the 
contact K1 (58) is open and the contact K1 (59) is 
close. When the accelerator pedal is released, the 
switch S2 is closed to energize the relay K1 so that 
the contact K1 (58) is closed and the contact K1 (59) 
will delay in opening. During the delay period of the 
contact K1 (59), Q1 is energized so that the enforcing 
means forces the synchronous cage 10 to rotate 
along with the hub 6, causing the torque-transmitting 
elements 12 move from the first position I to the sec- 
ond position II since the speed of the drive member 
3 becomes lower than that of the driven member 7 af- 
ter the accelerator pedal is released. In this case, the 
engine is conversely driven by the wheels so as to re- 
tard the vehicle or to improve the braking effect 

Fig. 18 shows a further embodiment of the control 
means 2 of the system according to the present In- 
vention, which is applicable in gasoline engine vehi- 
cles or electric motor cars and has the following four 
working modes: 

Mode I: 

When a gasoline engine vehicle or electric motor 
car equipped with the system according to the pres- 
ent invention is travelling, the main switch SO is al- 
ways in its dose position. 

When the switch SI' is open and the switch S3 is 
in position A, the control means works In a manner 
smilar to the control means shown in Fig.16, i.e., the 
operation of the enforcing means Is controlled only by 
the button switch S. 

Mode II: 

When the switch SI' is close and the switch S3 
remains In position A and if the accelerator pedal Is 
pressed down, the relay K2 is energized so that its 
normal close contact K2 (60) is opened. And if the ac- 
celerator pedal is now released, the relay K2 is dee- 
nergized so that its contact K2 (60) is closed and the 
relay K1 is energized, causing the normal-open con- 
tact K1 (61) to be closed and the normal-closed time- 
delay contact K1(62) to delay in opening and there- 
fore Q1 Is energized during the delay period of the 
contact K1 (62). As a result, the enforcing means for- 



ces the synchronous cage 10 to rotate along with the 
hub 6, causing the torque-transmitting elements 12 to 
move from the first position I to the second position 
II since the speed of the drive member 3 becomes 
5 lower than that of the driven member 7 after the ac- 
celerator pedal Is released. In this case, the engine 
is conversely driven by the wheels so as to retard the 
vehicle or to improve the bracking effect 

10 Mode III: 

When the switch SV is open and the switch S3 
is in position B and when the accelerator pedal is in 
its pressed-down position, the switch 82' coupled 

15 with the accelerator pedal is in its close position and 
the relay K2 Is on so that its normal close contact 
K2(65) is in its open position and its normal open con- 
tact K2 (63) is in its close position, ensuring that the 
Ignition circuit Q2 of the engine is on. 

20 If the accelerator pedal is now released, the 

switch S2' Is opened and the relay K2 is deenerglzed 
so that the contact K2 (64) is opened , the contact K2 
(65) is closed and the contact K2 (63) is opened, 
causing the Ignition circuit 02 of the engine to be 

25 turned off. In this case, the vehicle is coasting in a 
manner that the engine Is shut down and the drive 
member 3 of the automatic clutch means is in disen- 
gagement with the driven member 7 so that the opti- 
mal energe-saving effect can be made. If the accel- 

30 erator pedal is pressed down again, the relay K2 is 
energized so that the contact K2 (63) Is dosed and 
the ignition circuit Q2 is turned on, meanwhile the 
contact K2 (64) is dosed and the normal dose and 
tinne-delay contact K2 (65) delays In opening. Thus, 

35 Q1 is energized during the delay period of the contact 
K2 (65), causing the torque-transmitting elements 12 
to move from the middle position III to the second pos- 
ition II since the enforcing means forces the syn- 
chronous cage 10 to rotote along with the hub 6. As 

40 a result, the engine is driven by the wheels so as to 
be re-started. The torque-transmitting elements 12 
then move from the second position II to the first pos- 
ition I due to the inertia lag of the synchronous cage 
10 and the torque-transmltting elements 12 behind 

45 the shaft 4 in rotation. 

Mode IV: 

When the switch SI' Is close and the switch S3 
50 is in position B and when the accelerator pedal is in 
its pressed-down position, the switch S2' coupled 
with the accelerator pedal is in its close position and 
the relay K2 is on so that the contact K2 (64) is in its 
close position and the contact K2 (65) Is In its open 
55 position meanwhile the contact K2 (63) is in its close 
position, ensuring that the ignition circuit Q2 is on. If 
the accelerator pedal Is released, the switch S2' is 
opened and the relay K2 is deenerglzed so that the 
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contact K2 (64) is opened and the contact K2 (63) is 
opened. Ttierefore, the ignition circuit Q2 is turned off 
and the engine is shut down, meanwhile the contact 
K2 (60) is closed and the relay K1 la energized so that 
the contact K1 (61) is closed and the time-delay con- 
tact K1 (62) delays In opening. Thus, Q1 is energized 
during the delay period of the contact K1 (62), caus- 
ing the torque-transmitting elements 12 to move from 
the first position I to the second position II since the 
enforcing means forces the synchronous cage 10 to 
rotate along with the hub 6. In this case, the vehicle 
travels in a manner that the engine is shut down and 
driven conversely by the wheels since the drive menn- 
ber 3 of the automatic means is now in engagement 
with the driven member 7 through the torque-trans- 
mitting elements 12. Much more of the kinetic energy 
of the vehicle is consumed when the engine Is shut 
down than when the engine is idle. Therefore, the ve- 
hicle is retarded more effectively. And if the acceler- 
ator pedal is pressed down again, the switch SZ cou- 
pled with the accelerator pedal is closed and the relay 
K2 is energized so that the contact K2 (63) is closed 
to turn on the ignition circuit 02 , the contact K2 (64) 
is closed and the time-delay contact K2 (65) delays In 
opening. As a result, Q1 is energized during the delay 
period of the contact K2 (65) so thatthe engine Is driv- 
en and restarted by the wheels as described above. 

Optionally, a normal close contact K2 (66) of the 
relay K2 may be provided to control an Indicating lamp 
03 in such a manner that the indicating lamp 03 is 
turned off so long as the accelerator pedal is pressed 
down and it is turned on so long as the accelerator 
pedal is released, indicating that the vehicle is travel- 
ling in a coasting mode. 

The driver of the vehicle may make choice of the 
four working modes of the control means 2 in accor- 
dance with the traffic circumstances. When Mode I or 
Mode III is selected, an effect of energy-saving can be 
made. Preliminary trial running has proved that the 
energy consumption of the vehicle can be reduced by 
about 18%. 

Before discribing the system according to the 
second aspect of the present invention, it should be 
noted that when a center brake is used for parking the 
vehicle, the automatic clutch means 1 should be dis- 
posed before the center brake in the drive-system of 
the vehicle, otherwise the center brake could lose its 
function. For example, the hub 6 of the automatic 
clutch means 1 should be rigidly connected to the 
brake hub or disc of the center brake in order to main- 
tain the parking function of the center brake. 

As shown in Fig.19, a multifunctional energy-sav- 
ing system according to the second aspect of the 
present invention Is composed of an automatic clutch 
unit 1' and control means 2. 

The automatic clutch unit 1' consists of two por- 
tions 1'a and 1'b. The two portions 1'a and 1'b are 
similar to the automatic clutch means 1 of the system 



according to the first aspect of the present invention 
and symmetric with each other in respect to the inter- 
mediate cross-section of a flange 3* used as a conn- 
mon drive member of the two portions 1'a and 1'b. 

5 The flange 3' is rigidly connected to a driven bevel 
gear 67 of a final reduction gearing of the drive- 
system of the vehicle, and the hubs 6'a and 6'b of the 
two portions 1'a and 1 'b are rigidly connected respec- 
tively to the semiaxles on both sides of the vehicle. 

10 The control means of the system according to the 
second aspect of the present Invention is similar to 
that of the system according to the first aspect of the 
present invention and may be any of those described 
by referring to Figs. 16,17 and IB. 

15 When the vehicle equipped with the system ac- 
cording to the second aspect of the present Invention 
is driven by the engine to travel along a straight road, 
the hubs 6'a and 6'b of the automatic clutch unit 1' ro- 
tate at the same speed since they are now in engage- 

20 ment with a single shaft 4'. 

When the vehicle is driven by the engine to travel 
along a curve road, the hub 6'a or 6'b of the automatic 
clutch unit 1 ' on the inner side of the curve road is in 
engagement with the shaft 4' and the other hub on 

25 the outer side of the curve road is disengaged with 
the shaft 4' since it Is now dirven by the wheel on the 
outer side to rotate at a higher speed than the shaft 
4*. That is to say, the differential function can be ef- 
fected. Furthermore, driving torque can be automat- 

30 ically distributed from one driving wheel with a smaller 
ad hensive force to the other driving wheel with a larg- 
er adhensive force and it will never occur that one 
driving wheel slips while the other driving wheel does 
not rotate. Therefore, a particular advantage of the 

35 system according to the second aspect of the present 
invention Is that It can not only overcome the prob- 
lems arising from converse-driving but also function 
as a differential with a good anti-slip performance. 
Of course, the invention is not limited to the illu- 

40 strated embodiments discribed herein. It will be un- 
derstood that various changes or modifications may 
be made to these embodiments without departing 
from the spirit and scope of the present invenion. 

45 

Claims 

1 . A multifunctional energy-saving system for vehi- 
cles, said system consisting of automatic clutch 
50 means (1) disposed in any suitable position of a 

drive-system and control means (2) operable in a 
driver's cab, 

said automatic clutch means (1) compris- 
ing: 

55 a drive member (3) ; 

a driven member (7); 

a shaft (4) rigidly connected to or integrally 
formed with the drive member (3) and having a 

10 
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substantially regular prismatic section (5) con- 
centric tiierewith; 

a hub (6) connected to or integraily formed 
with the driven member (7) and nKMjnted concen- 
trically on said shaft (4) by means of bearings 5 
(8.9), said regular prismatic section (5) being 
positioned within the hub (6); 

a synchronous cage (10) rotatabiy sup- 
ported at its axiai ends on the shaft (4) between 
the inner surface of the hub (6) and said regular 10 
prismatic section (5), and having openings (11) 
evenly distributed in the circumference of the 
synchronous cage (10), the number of said open- 
ings (11) being the same as that of the side sur- 
faces of said regular prismatic section (5); is 

a torque-transmitting element (12) provid- 
ed in each said opening (11) with a clearance 
therebetween, and movable on a respective side 
surface of said regular prismatic section (5) be- 
tween a first position (I) near one end of res pec- 20 
tive arched space defined between the Inner sur- 
face of the hub (6) and the side surface of said 
regular prismatic section (5) and a second posi- 
tion (II) near the other end of said arched space, 
each torque-transmitting element (12) being di- 25 
mensloned so that when It Is in a middle position 
(III) between said first position (1) and second 
position (il),the hub (6) is in disengagement with 
the shaft (4) and no torque is transmitted be- 
tween the shaft (4) and the hub (6) , and when it 30 
is in said first position (i) or said second position 
(II), the hub (6) is in engagement with the shaft 
(4) and torque is transmitted between the shaft 
(4) and the hub (6) through the torque-transmit- 
ting element (12); 35 

means for holding each torque-transmit- 
ting element (12) in said middle position (ill) when 
said sliaft(4) rotates at a speed lower than its idle 
speed or does not rotate, each said torque-trans- 
mitting element (12) entering said first position (I) 40 
due to inertia lag behind the shaft (4) when the 
drive member (3) starts to rotate in a positive di- 
rection (14); 

means for restricting each torque-trans- 
mitting element (12) in said middle position (Hi) 45 
when the speed of the drive member (3) becomes 
lower than that of the driven member (7) only in 
said positive direction; and 

means for enforcing the synchronous 
cage (10) to rotate along with said hub (6) for a so 
while so as to force each torque-transmitting ele- 
ment (12) to move from said middle position (III) 
to one of said first position (I) or said second pos- 
ition (II); 

wherein said control means (2) controls ss 
the operation of said enforcing means as required 
at anytime. 



2. A multifunctional energy-saving system for vehi- 
cles according to claim 1 , wherein said holding 
means comprises a magnet (13) mounted in the 
middle of each side surface of said regular pris- 
matic section (5) of said shaft (4). 

3. A multifunctional energy-saving system for vehi- 
cles according to claim 1, wherein said holding 
means comprises two elastic loops (32) respec- 
tively winding round both axial ends of said tor- 
que-transmitting elements (12"). 

4. A multifunctional energy-saving system for vehi- 
cles according to claim 1, wherein said holding 
means comprises extension springs (33) con- 
nected between the synchronous cage (10) and 
said regular prismatic section (5) of the shaft (4), 
and dovetail slide means (67) between each said 
torque-transmitting elenr^ent (12') and the regular 
prismatic section (5). 

5. A multifunctional energy-saving system for vehi- 
cles according to claim 1, wherein said restricting 
means comprises: 

at least two grooves (15) evenly distribut- 
ed in the circumference of the synchronous cage 
(10); 

recesses (16) formed in said shaft and 
each of said recesses (16) associated with one of 
said grooves (15) and having a radial wall (17); 

an opening (18) formed in the bottom of 
each said groove (15) and communicating with 
one of said recesses (16); 

a magnets (19) mounted in the bottom of 
each said groove(15); and 

a rocking lever (20) pivotal ly mounted in 
each said groove (15) and having a spring (23) 
fixed at one end thereon and extending through 
said opening (18), the rocking lever(20) being ar- 
ranged so that the rocking lever (20) is held on 
the bottom of the groove (15) by means of saki 
magnet (19),casuing said spring (23) to be situat- 
ed outside said recess (1 6) in saki shaft (4) when 
said shaft (4) rotates at a speed lower than a pre- 
determined value or does not rotate, and pivots 
against the attractive force of said magnet (19) 
due to centrifugal force , causing said spring (23) 
to enter said recess (1 6) in said shaft (4) when the 
speed of said shaft (4) reaches said predeter- 
mined value, 

the stiffness of said spring (23) ensuring 
that the spring (23) can abut against said radial 
wall (17) of said recess (16) so as to restrict the 
torque-transmitting elements (12) In said middle 
positin (III) during the movement of the torque- 
transmitting element (12) from said first position 
(I) towards said second position (II) whenever the 
speed of the shaft (4) becomes lower than that 
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of the hub (6), and that the spring (23) can be 
bent by said radial wall (17) so as to enable the 
torque-transmitting elennent (12) to move from 
the middle position (III) to the second position (II) 
when said enforcing means forces the synchron- s 
ous cage (10) to rotate along with the hub (6). 

6. A multifunctional energy-saving system for vehi- 
cles according to claim 1 , wherein said restricting 
means comprises: io 

at least two grooves (34) evenly distribut- 
ed in the circumference of said shaft (4); 

a magnet (35) mounted in the bottom of 
each groove (34); 

stop means (36) formed on the inner sur- is 
face of the synchronous cage (10); 

a rocking lever means (37) pivotally 
mounted at one end in each said groove (34) and 
having a sleeve (39); a member (40) axially slid- 
ing within said sleeve (39); and a spring (41) bias- 20 
ing said sliding member (40) to an extended pos- 
ition, the roclcing lever means (37) being ar- 
ranged so that when said shaft (4) rotates at a 
speed lower than a predetermined value or does 
not rotate, t he rocking tever means (37) is held on 25 
the bottom of said groove (34) by means of said 
magnet (35) and the sliding member (40) in the 
extended position does not interfere in the rela- 
tive rotation of the synchronous cage (10) with re- 
spect to the shaft (4), and when the speed of said 30 
shaft (4) reaches said predetermined value, the 
rocking lever means (37) pivots due to the centri- 
fugal force so that the sliding member (40) in the 
extended position comes into contact with the in- 
ner surface of the sychronous cage (10); 35 

the stiffness of said spring (41) ensuring 
that the sliding member (40) remains in said ex- 
tended position and abuts against said stop 
means (36) so as to restrict said torque-transmit- 
ting element (12) right in said middle position (III) 40 
during the movennent of said torque-transmitting 
element (12) from said first position (I) towards 
said second position (II) whenever the speed of 
the shaft (4) becomes lower than that of the hub 
(6), and that the sliding member (40) can be 45 
pressed back into said sleeve (39) by said stop 
means (36) so as to enable the torque-transmit- 
ting element (12) to move from said middle posi- 
tion (III) to said second position (II) when said en- 
forcing means forces the synchronous cage (1 0) so 
to rotate along with the hub (6). 

7. A multifunctional energy-saving system for vehi- 
cles according to claim 1 , wherein said restricting 
means comprises: 55 

at least two holes (42) in the shaft (4), the 
axes of both holes (42) lying In a plane perpen- 
dicular to the axis of the shaft (4); 



a magnet (43) mounted on the bottom of 
each said hole (42); 

stop means (44) on the Inner surface of 
the synchronous cage (10); 

a pin (45) axially movable in each said hole 
(42), the outer end of each said pin (45) being of 
truncated cone shape, each said pin (45) being 
arranged so that when the speed of the shaft (4) 
is lower than a predetermined value or does not 
rotate.the pin (45) is held on the bottom of the 
hole (42) by means of said magent (43) without 
interfering in the relative rotation of the synchron- 
ous cage (10) with respect to the shaft (4), and 
when the speed of the shaft (4) reaches said pre- 
determined value, the pin (45) comes against the 
attractive force of said magnet (43) into contact 
with the inner surface of the synchronous cage 
(1 0) due to centrifugal force, 

the combination of the cone angle of sakJ 
outer end of the pin (45) and the direction of the 
hole (42) extending In said plane perpendicular to 
the axis of the shaft (4) ensuring that the outer 
end of the pin (45) can abut against said stop 
means (44) without being pressed back into the 
hole (42) by said stop means (44) so as to restrict 
the torque-transmitting elennent (12) right in sakJ 
middle postk}n (III) during the movement of the 
torque-transmitting element (12) from said first 
position (I) towards saki second position (II) 
whenever the speed of the shaft (4) becomes 
lower than that of the hub (6), and that the pin 
(45) can be pressed back into the hole (42) by 
said stop means (44) against the static frictional 
force therebetween so as to enable the torque- 
transmitting element (12) to move firom said mid- 
dle position (111) to said second position (II), when 
said enforcing means forces the synchronous 
cage (10) to rotate along with the hub (6). 

8. A multifunctional energy-saving system for vehi- 
cles according to claim 1, wherein said enforcing 
means comprises: 

actuator means (24) connected to a fixed 
member of t he vehicle and controlled by said con- 
trol means (2); 

friction means (26,47) adapted to be en- 
gaged with the synchronous cage (10), and 

a driving assembly (25,28,27; and 46) pro- 
vided on the hub (6) for transmitting the power of 
said actuator means (24) to said friction member 
(26,47) so that the friction member (26,47) can be 
engaged with the synchronous cage (10). 

9. A multifunctlonai energy-saving system for vehi- 
cles according to claim 8, wherein said actuator 
means comprises an electromagnet. 

10. A multifunctional energy-saving system for vehi- 
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cles according to claim 8, wtierein said actuator 
means comprises a cylinder. 

11. A multifunctional energy-saving system for vehi- 
cles according to claim 8, wherein said control 
means (2) comprise a button switch (S) to ener- 
gize said actuator means (24). 

12. A multifunctional energy-saving system for vehi- 
cles according to claim 11, wherein said control 
means (2) further comprises: 

a first switch (SI) for selecting working 
modes of the system; and 

a time-delay circuit (K1) adapted to be 
turned on by another switch (S2) coupled with 
the accelerator pedal of the vehicle forenergizing 
said actuator means (24) so as to engage the en- 
gine with the driving wheels when the accelerator 
pedal Is released. 

13. A multifunctional energy-saving system for vehi- 
cles according to claim 11, wherein said control 
means (2) further comprises: 

switches (SI and S3) for selecting working 
modes of the system; 

a first time-delay circuit (K1') adapted to 
be controlled by another switch (82') coupled 
with the accelerator pedal of the vehicle for en- 
ergizing said actuator means (24) so as to en- 
gage the engine with the driving wheels when the 
accelerator pedal Is released; and 

a second time-delay circuit (K2) adapted 
to be controlled by said another switch (S2') cou- 
pled with the accelerator pedal for turning off the 
ignition circuit (Q2) of the engine when the accel- 
erator pedal Is released and for turning on the ig- 
nition circuit (02) and meanwhile energizing said 
actuator means (24) for a whQe so as to engage 
the engine with the driving wheels during the de- 
lay period in opening of said second time-delay 
circuit (K2) so that the engine Is driven and re- 
started by the wheels when the accelerator pedal 
is pressed down again. 
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means (1) further Includes a portion completely 
synunetrical therewith in respect to the inter- 
mediate cross-sectk)n of said flange to form an 
autonr^tic clutch unit (1'), said unit (1') being dis- 
posed in place of the original differential of the 
vehicle by connecting said flange to a driven bev- 
el gear (67) of a final reduction gearing and con- 
necting the hubs (6'a, 6'b) on both sides of the 
auton^atic clutch unit (V) respectively to the sem- 
inaxles on both sides of the vehicle. 



14. A multifunctional energy-saving system for vehi- 
cles according to claim 12 or 13, wherein said 
control means (2) further comprises: 

an indicating lamp (Q3) controlled by said 
switch (S2, 82') coupled with the accelerator 
pedal in such a manner that said indicating lamp 
(Q3) is turned on when the accelerator pedal is 
released and turned off when the accelrator ped- 
al is pressed down. 



45 



50 



15. A multifunctional energy-saving system for vehi- 
cles according to claim 1, wherein said drive 
member (3) of the automatic clutch means (1) is 
in form of a flange and said automatic clutch 
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